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In this paper the requirement of a warp solution in an Einstein-Gauss-Bonnet 5D warped geometry
is shown to fix the signature of Gauss-Bonnet coupling (α5). Further, imposing the phenomenological
constraints, obtained from the recently observed Higgs like scalar mass as well as µ parameter of the
decay channels H0 → γγ, τ τ¯ explored in ATLAS and CMS detectors, we obtain a stringent bound
on α5 within (4.8− 5.1) × 10
−7.
The Gauss-Bonnet (GB) gravity is a good old name
amongst theoretical physicists through decades, which
was proposed to renormalize the well known Einstein’s
gravity at the two-loop level. For such theories the two-
loop effective coupling physically signifies the strength of
the self-interaction between the graviton degrees of free-
dom below the Ultra-Violet (UV) cut-off of the quan-
tum theory of gravity. Such coupling plays a crucial
role in various aspects of general relativity and parti-
cle physics in AdS space-time. Since GB correction is
quadratic topological invariant in 4D, it will have more
significant contributions in dimension D > 4. Different
proposals have been made earlier regarding the signature
and bound of the two-loop GB coupling.
In this work we propose a fruitful technique to con-
strain the signature and bound of 5D GB coupling in the
background of the study of warped geometry model in
LHC physics. Such technique can also be applicable to
any of the higher derivative modified gravity scenarios.
Here the 5D warped geometry model have been proposed
by making use of the following sets of assumptions as a
building block:
• The Einstein’s gravity sector is modified by the in-
troduction of quadratic Gauss-Bonnet correction.
• The well known S1/Z2 orbifold compactification
technique is considered.
• We considered that the system is embedded in AdS
bulk where the background warped metric has a
Randall Sundrum (RS) like structure.
• The Higgs like scalar, left handed fermion and the
abelian/non-abelian gauge degrees of freedom in
our model are placed in the AdS bulk [1–6].
First we compute the warping solution to fix the signa-
ture of GB coupling. Then using the phenomenological
constraint obtained from Higgs diphoton and dilepton
decay channels we also obtain a stringent phenomeno-
logical bound on the GB coupling which lies below the
upper bound of viscosity-entropy ratio in its holographic
dual version.
To establish our proposed idea we start our discussion
with the 5D action of the warped geometry two brane
model given by[7]:
S =
∫
d5x
[√−g(5)
{
M35
2
R(5) +
α5M5
2
[
RABCD(5)R
(5)
ABCD − 4RAB(5)R(5)AB +R2(5)
]
+ LfieldBulk − 2Λ5
}
+
2∑
i=1
√
−g(i)(5)
[
Lfieldi − Vi
]
δ(y − yi)
]
(1)
where i signifies the brane index, i = 1(hidden), 2(visible)
and Lfieldi is the Lagrangian for the fields on the ith
brane with the brane tension Vi. The background metric
describing slice of the AdS is given by [7–12],
ds25 = gABdx
AdxB = e−2A(y)ηαβdx
αdxβ + r2cdy
2. (2)
After solving the five dimensional Einstein Gauss Bonnet
equation of motion at leading order in GB coupling (α5)
we obtain:
A(y) = kαrc|y| =
√√√√3M25
16α5
[
1−
(
1 +
4α5Λ5
9M55
) 1
2
]
rc|y|.
(3)
In the limit α5 → 0, we retrieve the same result as in
the case of RS model with kα → kRS =
√
− Λ5
24M35
[8, 9].
First we observe from Eq (3) that the warping solution
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FIG. 1: Variation of zeroth mode KK mass of bulk scalar
field with respect to Gauss-Bonnet coupling (α5 ). The green
shaded and the blue dotted region shows the LHC ATLAS and
CMS allowed region of recently observed Higgs at 125 GeV
respectively. Here we use all the statistical and systematic
errors of the corresponding detectors of LHC for the numerical
estimations. For numerical estimations throughout the paper
we fix the compactification radius rc ≈ 1 in the Planck unit.
for AdS space-time with Λ5 < 0 requires the signature of
the GB coupling α5 to be positive.
Next we focus our attention to the holographic dual
boundary Conformal Field Theory (CFT) of the present
bulk AdS theory where the viscosity-entropy ratio can
be calculated in presence of GB coupling using the well
known Kubo formula as [13, 14]:
η
S
=
1
4pi
(1− 4α5) +O(α25). (4)
In the limit α5 → 0 Eq (4) reduces to the usual re-
sult in Einstein’s gravity, η
S
→ 14π [15–17]. As GB cou-
pling comes from two-loop perturbative correction to the
Einstein’s gravity the numerical value of α5 should be
small. This also implies O(α25) gives sufficiently small
sub-leading contribution to the Eq (4). Moreover, η
S
> 0
criteria constraints the upper bound of GB coupling α5
to be less than 1/4.
We now explored the possible upper & lower bound
of the GB coupling obtained from the phenomenological
constraints in the ATLAS [18] & CMS [19] data from the
recent run of LHC. For this we perform the dimensional
reduction of the 5D fields using the the well known KK
decomposition technique to extract the SM fields in the
effective 4D theory.
To proceed further we assume that the spontaneous
symmetry breaking mechanism is taking place in 5D by
which, the bulk scalar, bulk fermions and gauge bosons
are getting mass. Such scenarios have been elaborately
discussed in various earlier works [1–6]. This scenario
has the advantage of accommodating positive brane ten-
sion of the visible brane and thus ensures stability of the
proposed model [6, 20].
The mass generation procedure can be described from
action of the scalar ξ and its coupling with a fermion η
as:
Sξ ⊃
∫
d5x
√−g(5)
{
1
2
[
gABDAξ(x, y)DBξ(x, y)
−m2ξξ2(x, y)
]
+ λξξ
4(x, y) + yηξηη¯
}
(5)
where the covariant derivative is defined as:
DA ≡ ∂A + ig′1T bW bA + ig′2Y BA (6)
which is the suitable linear combination of W and B vec-
tor fields give rise to W+,W−, Z and photon fields in
5D. Additionally, in Eq (6) g′1 and g
′
2 signifies the unbro-
ken SU(2) and U(1) gauge couplings while T b and Y are
the corresponding generators of the gauge groups asso-
ciated with the W and B vector boson fields. Here m2ξ
signifies the mass parameter of the field ξ before spon-
taneous symmetry breaking, λξ be the self-interaction
strength of scalar (ξ) and yη represents the Yukawa cou-
pling. Now after symmetry breaking mechanism by writ-
ing, ξ = v1+H and η = Ψ the 5D action stated in Eq (5)
can be recast as:
SSSB ⊃
∫
d5x
√−g(5)
{
1
2
[
gAB∂AH(x, y)∂BH(x, y)
+m2hH
2(x, y)
]
+mfΨΨ¯ + yηHΨΨ¯ + hwHW
+W−
}
(7)
Most importantly, in the effective 4D counterpart the
photon field has to be massless and also it appears that
for such a physical prescription, the 5D mass parameter
must be zero. Here v1 is the VEV of ξ field. hw which
characterizes the coupling strength of the HW+W− in-
teraction and the physical mass parameter for the scalar
and fermionic degrees of freedom after spontaneous sym-
metry breaking can be written as:
m2h = −
m2ξ
2λξ
, mf = yηv1, hw =
1
2
g′1
2
v1. (8)
Further the recent observation of a resonance named
Higgs at the LHC [21, 22] with mass around 125 GeV will
help us to compare the new particle to the zeroth mode of
the KK mass spectrum of scalar degrees of freedom (H0)
in presence of GB coupling. This zeroth mode scalar
mass obtained as [7]:
ms =MH ≈
(
1
2
√
4 +
m2h
k2α
− 3
4
)
pikαe
−kαrcπ. (9)
In Fig (1) we have demonstrated the behaviour of zeroth
mode Higgs like scalar mass appearing in the 4D effective
version of the warped geometry model with respect to the
GB coupling by the red curve. We have also shown the
present status of our proposed model after applying the
Higgs mass constraint MCMSH = (125.7 ± 0.3)+0.3−0.3 GeV
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FIG. 2: Variation of µγγ for H → γγ with respect to Gauss-
Bonnet coupling (α5) for AdS space (Λ5 < 0). The yellow
shaded region shows the LHC CMS allowed region. The violet
dotted region represents the LHC ATLAS allowed region for
our proposed model.
[19] and MATLASH = (125.5± 0.2)+0.5−0.6 GeV [18] obtained
from ATLAS & CMS data by green shaded and blue dot-
ted region respectively. This allows to put a stringent
bound on the GB coupling within 4.6 × 10−7 < α5 <
5.1×10−7 as shown in a very tiny region in Fig (1). Addi-
tionally, this also satisfies the constraint on GB coupling
obtained from Eq (4).
Next we apply the constraint on GB coupling from
different decay channels of Higgs where interactions be-
tween various KK zero modes play a crucial role. The ef-
fective field theory provides such interactions below UV
cut-off. Most importantly at the tree level the scalar
KK zero mode is not coupled to any of the gauge boson.
However at loop level such coupling indeed appears signi-
fying some possible non-trivial consequences. Addition-
ally, it appears that the total decay width is dominated
by the contribution of two fermion decay mode at the
tree level. For computing the higgs decay to two photons
and two gluons the contribution of top quark triangle
loop diagram as well as decay into two W boson chan-
nels are considered. We also assume that the effects from
the other fermionic degrees of freedom in the loop level
analysis are sufficiently small because the other quarks
and leptons being much lighter will contribute much less
in the decay width and branching ratio. Here we use
a generic ansatz for KK decomposition for the bulk 5D
fields as,
Kβ(x, y) =
∞∑
n=0
K
(n)
β (x)
χ
(n)
Kβ
(y)
√
rc
. (10)
where β = 1(Higgs like scalar), 2(Left handed fermion),
3(Abelian gauge field), 4(Non-abelian gauge field).
In the present context to find the Yukawa interaction
between two KK zero mode fermions and one scalar de-
grees of freedom, the vertex factor of the 4D counterpart
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FIG. 3: Variation of µγγ for H → τ τ¯ with respect to Gauss-
Bonnet coupling (α5) for AdS space (Λ5 < 0). The aqua
shaded region shows the LHC ATLAS allowed region. The
violet dotted region represents the LHC CMS allowed region
for our proposed model.
of the 5D action after KK decomposition can be obtained
from:
Q000 :=
∫ +π
−π
dy e4A(y)χ
(0)
K1
(y)χ
(0)⋆
K2
(y)χ
(0)
K2
(y). (11)
Similarly the interaction between two KK zero mode
fermions and one massless abelian/non-abelian gauge bo-
son can be obtained from
G000 :=
∫ +π
−π
dy eA(y)χ
(0)⋆
K2
(y)χ
(0)
K3/4
(y)χ
(0)
K2
(y). (12)
Also the interaction of one KK zeroth mode scalar and
two KK zero mode massive non-abelian gauge bosons can
be obtained from:
W000 :=
∫ +π
−π
dy χ
(0)
K1
(y)χ
(0)
K4
(y)χ
(0)
K4
(y) (13)
and the interaction strength of a vertex of one photon
zero mode with 2 massive weak boson zero modes can be
expressed as:
A000 :=
∫ +π
−π
dy χ
(0)
K3
(y)χ
(0)
K4
(y)χ
(0)
K4
(y). (14)
In the interaction integrals for KK zero mode as stated
in Eq (11) & Eq (14) we use the following expressions for
the KK zero mode wave functions for the different field
contents:
χ
(0)
Kβ
(y) =


Ns for β = 1
Nfe
−νA(y) for β = 2
1√
2pi
for β = 3, 4.
(15)
4where Nf =
√
2[e(1−2ν)kαrcpi−1]
(1−2ν)kαrc
and Ns =
√
kαrc
1−e−2kαrcpi
.
Also we use ν =
mf
kα
, where mf is defined in Eq (8). Fi-
nally the effective 4D coupling for the interactions stated
in Eq (11) & Eq (14) can be written as:
FQ = yηQ000 =
2N2fNs
mfrc
sinh (mfrcpi), (16)
FG =
gfG000√
rc
=
gfN
2
f√
2pirc
sinh (kα − 2mf)pirc
(kα − 2mf )rc , (17)
FW = hwW000 = hwNs, (18)
FA =
ge
r
3
2
c
A000 = ge√
2pir3c
(19)
where yη is the 5D Yukawa coupling, gf is the gauge
coupling which is different for different gauge groups and
ge is the 5D gauge coupling of spontaneously broken U(1).
So obtaining the couplings of the zeroth mode mas-
sive scalar boson with other particles we calculate the
decay width and the branching ratio in various channels.
We can also obtain the production cross section of this
particle, which can be the resonances found at 125 GeV
describing the SM Higgs boson. Using these results to-
gether we can get the expression for the LHC observable
µ parameter (described in the Appendix) for di-photon
and dilepton channels. Hence comparing the derived µ
parameter with the experimental results obtained from
the CMS and ATLAS one can get further stringent con-
straints on GB coupling for suitable choice of other pa-
rameters.
The Higgs like scalar candidate in our proposed model
couple to the KK zeroth mode of other massive bulk
fermions and massive gauge bosons at the tree level. Dif-
ferent SM fermion masses can be obtained from differ-
ent 5D bulk fermion mass parameter. Using these in-
puts we can compute the decay width of the dacay chan-
nel of the scalar KK zero mode to various fermion KK
zero modes using the vertex function explicitly mentioned
in Eq. (16). Using Eq (8,16), the decay width to ith
fermionic channel can be written as
Γ(H0 → fif¯i) = Nc
8pi
F 2Qims
(
1− 4m
2
fi
m2s
) 3
2
(20)
where i = 1, 2, 3, 4 correspond to the tau lepton, bot-
tom, charm and top quark, analogous to SM fermions,
respectively and also mfi represent the different fermion
masses of the “i”th species. Nc is 3 for all quarks and 1
for leptons. Summimg over the all leading contributions
total fermionic decay width can be written as:
Γfer ≈
4∑
i=1
Γ(H0 → fif¯i) = Ncms
8pi
4∑
i=1
F 2Qi
(
1− 4m
2
fi
m2s
) 3
2
.
(21)
Another considerable contribution comes from the scalar
decay to the zeroth mode massiveW+,W− bosons. Here
the Higgs like scalar mostly decays to one on-shell (W+)
and another off-shell (W−∗) W bosons. This off shell W
further decays to fermion pairs. This is expressed as:
Γ(H0 →W+W−∗) = m
4
s
48m2W
F 2WF
2
GT
(
m2W ,m
2
s
)
(22)
where the explicit form of T (m2W ,m
2
s) is given by:
T
(
m2W ,m
2
s
)
=
∫
d(k2)
[λ
3
2 (m2W , k
2,m2s) + λ
1
2 (m2W , k
2,m2s)
12k2m2W
m4s
]
(k2 −m2W )2 + Γ2Wm2W
(23)
with a new parameter
λ(m2W , k
2,m2s) =
(
1− m
2
W
m2s
− k
2
m2s
)2
− 4m
2
Wk
2
m4s
. (24)
Additionally, mW and ΓW characterizes the mass and
decay width respectively corresponding to the KK zero
mode W boson. Consequently the total decay width of
this scalar can be written as:
Γtotal ≈ Γ(H0 →W+W−∗) + Γfer. (25)
It is important to mention here that in the present con-
text the scalar decay in to two photons loop diagrams
of both zeroth mode W boson and top quark will con-
tributing. However the contribution from the W loops
are found to be dominant. Taking into account only the
dominant contribution from the W in computing the de-
cay width we get:
Γ(H0 → γγ) = m
3
s
3456pi5m4W
F 2AF
2
W
[
U
(
4m2W
m2s
)]2
(26)
where the functional form of U(q) is given by:
U (q) =
[
2 + 3q + 3q (2− q)
{
sin−1
1√
q
}2]
. (27)
with q =
4m2W
m2s
> 1. Further, to calculate the decay
width of the zeroth mode scalar to two massless gluons
5which are zeroth KK modes of the non abelian fields with
strong gauge interaction strength, the vertex factor of
the two fermion zero mode (mainly top like one) and
one gauge boson zero mode is to be taken into account.
Consequently the digluon decay width can be computed
as:
Γ(H0 → gg) =
m2f4Ng
256pi5ms
F 2Q4F
4
Gg
[
D
(
m2f4
m2s
)]2
(28)
whereNg is the colour factor which is 8 for gluon channel.
In this context, we define a new function:
D (z) =
[
1 + (1− 4z)
{
sin−1
1
2
√
z
}2]
(29)
with z =
m2f4
m2s
> 1/4. In LHC gluon-gluon fusion is the
dominant mechanism for the scalar production. Differ-
ential production cross section of the scalar considered
here in a hadronic collider like LHC is given as [23],
dσ
dy
(pp¯→ H0 +X) = pi
2Γ[H0 → gg]
8m3s
gp(xp,m
2
s)gp¯(xp¯,m
2
s)
(30)
where we define gluon momentum fraction as:
xp =
mse
y
√
s
, xp¯ =
mse
−y
√
s
. (31)
In Eq (30) y represents the rapidity of the scalar,
gp(xp,M
2
s ) is the gluon distribution function in proton
evaluated at the gluon momentum fraction xp and
√
s
signifies the beam energy. Assuming the rapidity to be
same for both the scalar and the SM Higgs, the ratio of
the production cross section in the µ parameter can be
written only as the ratio of the gluon-gluon decay width
of this scalar to the Higgs width in that channel. Sub-
stituting all of these inputs in Eq (33) (Please see the
appendix), we can write the explicit expression for the
LHC observable µ parameter.
Implication of the recent LHC results in diphoton and
dilepton decay channels of the Higgs like scalar in this
model are explicitly shown in Fig. (2) and Fig. (3) respec-
tively. The allowed regions which are obtained for the 5D
GB coupling (α5), in these representative figures are also
consistent with the phenomenological bound of α5 that
we have obtained from the Higgs mass constraints. For
the H0 → γγ decay channel in ATLAS, a region with
2.3× 10−7 < α5 < 4.9× 10−7 is allowed and this region
contains the region that we have already obtained from
the Higgs mass constraint. But CMS shows a slightly
shifted region of α5 > 6.4 × 10−7 than the allowed one.
As CMS and ATLAS results differ a bit in this particular
channel, no strict constraint can be found to determine
the allowed region. With more data coming in the next
run of the LHC we can pinpoint the allowed region for
α5 in the diphoton channel. For the H0 → τ τ¯ decay
channel the experimental upper limits on the observed
µ parameter value both in CMS and ATLAS allows the
region with α5 > 4.8× 10−7. This region contains some
part of the region allowed by the diphoton channel data
and Higgs mass. But in this channel experimental ranges
for the µ parameter are much broader indicating lesser
statistical accuracy. This clearly implies that lower limits
on the µ parameter are unable to constraint the upper
bound of α5 in H0 → τ τ¯ channel. It is expected that
more data will help to give stronger upper bound of α5 in
this channel. Now combining the constraints from all the
three cases,namely, µ parameter values in the H0 → γγ
and H0 → τ τ¯ decay channels and mass of the resonance
discovered near 125 GeV we can constrain the allowed
region of α5 within 4.8 × 10−7 < α5 < 5.1 × 10−7. Ad-
ditionally, this bound also satisfies the criterion obtained
from viscosity-entropy ratio as mentioned in Eq (4).
To summarize, we say that the perturbative higher or-
der gravity correction to Einstein’s gravity can also be
examined through collider experimental tests. Using the
tools mentioned in this paper one can directly check the
validity of a higher order gravity or any modified gravity
model and also constrain the couplings associated with
such higher order gravity corrections. Thus, in this work,
by applying the requirements for the warping solution
of the metric, we have explicitly shown that for Gauss-
Bonnet (GB) gravity, the associated two-loop coupling
is always positive and less than 1/4. Further, imposing
the phenomenological constraint from Higss dilepton and
diphoton decay channels and also from possible Higgs
mass constraint at 125 GeV we obtain a stringent bound
on the GB coupling which satisfies the above criteria as
well. This result is consistent with similar bounds ob-
tained from solar system constraint [24]. This analysis
therefore determines the signature of GB coupling and
brings out the phenomenological constraint on the value
of this parameter in the context of recent LHC experi-
ment.
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Appendix
The µ parameter is designed for comparison of the
number of events obtained from a decaying particle to
that of the SM expectation. For more than one decay
channels present branching ratio (BR) of a particle, X,
6to any channel l1l2 is defined as:
BR(X → l1l2) = Γ(X → l1l2)
Γ(X → all decay channels) (32)
where Γ(X → l1l2) = Decay width of (X → l1l2). Now
total production cross section of a particle multiplied by
its branching ratio to a decay channel and the luminosity
present in the experiment gives us the number of decay
products from the signal. So for the diphoton channel
in Higgs search the µ parameter of the model can be
expressed as:
µ =
Σ(pp→ H0)
Σ(pp→ HSM) ×
BR(H0 → γγ)
BR(HSM → γγ) (33)
for fixed collider luminosity. Here Σ represents the pro-
duction cross section, HSM signifies the SM Higgs and
H0 is used for zeroth KK mode Higgs like particle in
the warped geometry model proposed in Eq (1). Similar
expression appears for the dilepton channel.
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